When groundwater represents most of the world's reserves of unfrozen freshwaters, water quality is commonly a limiting factor in quantifying usable fresh groundwater storage, especially in arid and semi-arid areas. Tracing the origin of major ions is important to the understanding of hydrochemical evolution and water-rock interaction. Strontium (Sr) and calcium (Ca) are geochemically similar in terms of ionic radius and ionic charge and can substitute for each other in mineral lattices such as in carbonates and silicates. This allows the use of Sr as a proxy for Ca during water-rock interaction. Geochemical mass balance and carbon and strontium isotope techniques were employed to study the origin of each major ion (such as Na, Ca, Mg, Cl, and SO 4 ) in a loess aquifer (there is 10% to 20% of carbonate in the loess). Geochemical mass balance between atmospheric deposition and groundwater shows that the Cl (average concentration of 5.5 mg/L) and SO 4 (average concentration of 6.8 mg/L) in groundwater originated from atmospheric deposition. The dissolution of loess using acetic acid was used to analyze the 87 Sr/ 86 Sr ratio of carbonate (mainly deposited in continental environments). Groundwater 87 Sr/ 86 Sr ratios (0.710677 to 0.712319) are consistent with 87 Sr/ 86 Sr ratios in carbonate (0.710329 to 0.711085) but are significantly lower than the whole-rock (0.715136 to 0.717155) and residue (0.719091 to 0.720438), suggesting that Ca and Mg mainly originated from the dissolution of carbonate in the loess aquifer. However, Na originated from the dissolution of albite, suggesting saturation controls the ability of dissolution. There are cation exchanges between Ca + Mg and Na, resulting in Na concentration increases and Ca + Mg concentration decreases in groundwater. This study is important to the understand of the origin of the major ions in groundwater and the geochemical processes in silicate-carbonate aquifers. of diffuse pollution from intensive agriculture, waste disposal, and point source pollution from urban and industrial sources, relied on geochemistry to solve questions of origin and attenuation. In semi-arid regions facing water scarcity, geochemical approaches have been vital in the assessment of renewability [6, 7] and characterizing water-rock interaction.
Introduction
Groundwater represents about 96% of the world's reserves of unfrozen freshwaters [1] . Groundwater is of fundamental significance for human development to meet the rapidly expanding urban, industrial, and agricultural water requirements, especially in arid and semi-arid areas [2] , and more than two billion people in the world depend on groundwater for their daily supply [3] . Meanwhile, water quality is a limiting factor for usable fresh groundwater utilization [4, 5] . Poor water quality can be caused by a natural condition (such as strong aridity or many soluble salts in an aquifer) and by human activities (such as fertilizer utilization and drainage of waste waters). The impact of human activities on water quality were only recognized in the past half-century before which time, pristine conditions reflecting natural processes controlled the hydrochemistry [6] . The impact
Study Area and Sampling
The Xifeng loess tableland is located in the central part of the Loess Plateau of China (LPC) and is the largest tableland in the LPC with a loess depth of 150 to 200 m [25] . The horizontal Cretaceous mudstone (K 1 lh) is covered by Quaternary loess (Figure 1 ) composed of lower Pleistocene (Q 1 ), middle Pleistocene (Q 2 ), and upper Pleistocene (Q 3 ) deposits. The Q 1 Loess, with a thickness of 40 to 50 m, commonly crops out at the bottom of the upper and middle reaches of gullies. The hard and compacted Q 1 Loess has low permeability and is usually considered as an aquitard [25] . The Q 2 Loess has a thickness of 120 to 170 m and commonly crops out on the sides of valleys and at the heads and cliffs of gullies. The Q 2 Loess is unconsolidated and has relatively large porosity and is considered to be a good aquifer. The Q 3 Loess has a thickness of 10 to 15 m and is distributed above the Q 2 Loess as the topsoil in the area (Figure 1 ). Figure 1 . The hydrogeological condition of the study area and sampling location modified from [21] . Figure 1 . The hydrogeological condition of the study area and sampling location modified from [21] . The depth of the water table is in the range of 40-75 m with an increasing trend from the center of the plain to its surrounding areas. The discharge of groundwater is mainly in the form of suspension gravity springs in gullies ( Figure 1 ). The average annual precipitation is 546 mm/year, approximately 68% of which falls between June and September during the Asian monsoon. The average annual temperature is 9.2 • C according to data reported from 1956 to 2010. The main crops are winter wheat and maize, with one crop each per year.
According to our recent study [21] , diffuse recharge through the thick unsaturated zone is the only recharge source to the aquifer. The recent infiltrated recharging water, since the 1950s, is still retained in the upper 10 m of the unsaturated zone with a recharge rate in the range of 37-41 mm/year. Therefore, the groundwater is all old water (tritium free) with the corrected 14 C ages in the range of 220-19,220 years.
Twenty-six shallow groundwater samples, with well depths in the range of 55-180 m, were sampled in 2018 ( Figure 1 ). Meanwhile, loess samples were collected from two deep profiles (XZ1 with a depth of 55 m and XZ2 with a depth of 45 m) by using an engineering geological survey drill. There were no fluids added during drilling. The bulk samples of~2000 g were collected, at 0.25 m intervals at 0 to 20 m and 0.50 m intervals below 20 m (280 samples in total). The samples were immediately sealed in polyethylene bags after collection.
Experiment and Analyses
In this study, we further analyzed the following: (1) Sr concentration (n = 26) and 87 Sr/ 86 Sr (n = 14) in groundwater samples and (2) 87 Sr/ 86 Sr (n = 10) in loess as whole-rock and conducted a dissolution experiment using acetic acid (HAc) with different concentrations (0.5 M and 1 M) to determine the 87 Sr/ 86 Sr ratios of carbonate in loess.
The 0.5 M HAc can only dissolve calcite (CaCO 3 ) and magnesite (MgCO 3 ), and 1 M HAc can dissolve dolomite (CaMg(CO 3 ) 2 ) [17, 18, 26] . The HCl was not used because it can dissolve some silicates [17, 26, 27] . Four loess samples (unsaturated zone sample, S1 and S2; saturated zone sample, S3 and S4) were chosen to conduct the dissolution experiment. First, mineral and geochemical compositions were analyzed. Then, 400 mL of 0.5-M HAc was added into 40 g of dried loess. The samples were agitated intermittently for 4 h, and the supernatant solution was centrifuged and filtered through 0.45 µm filters for Sr, major cation, and 87 Sr/ 86 Sr analyses. The residual loess was dried and 150 mL of 1-M HAc was added into 15 g of dried residual loess. The samples were also agitated intermittently for 4 h, and the supernatant solution was centrifuged and filtered through 0.45 µm filters for Sr, major cation, and 87 Sr/ 86 Sr analyses. The residual loess after dissolution by 1 M of HAc was dried for mineral composition and 87 Sr/ 86 Sr analyses.
The mineral composition was analyzed using an X-ray diffraction system (XRD) (X'Pert Pro, Malvern Panalytical Ltd., Malvern, UK). The major elements were analyzed using an X-ray fluorescence spectrometer (XRF) (Axios-mAX, Malvern Panalytical Ltd., Malvern, UK). Major cation (Na, K, Ca, and Mg) was analyzed using an inductively coupled plasma optical emission spectrometry (ICP-OES) (5300DV, Perkin Elmer, Waltham, MA, USA) and Sr was analyzed using an inductively coupled plasma mass spectrometry (ICP-MS) (NexION 300D, Perkin Elmer, Waltham, MA, USA). The 87 Sr/ 86 Sr ratio was measured using a multi-collector thermal ionization mass spectrometry (TIMS) (Finnigan MAT 261, Thermo Scientific, Waltham, MA, USA), which gave a ratio of 0.710235 ± 0.000026 for the NIST NBS 987 standard. All the analyses were conducted at the Beijing Research Institute of Uranium Geology.
Results

Geochemical Characteristics of Loess
Loess is a kind of aeolian deposit and has been deposited in succession since 2.4 Ma [22] . Under different deposition environments (such as temperature and precipitation), particle sizes and geochemical compositions for loess with different ages change but with limited variations [19, 22] . The loess samples in this study contain a significant proportion of silt-sized particles (2 to 50 µm), accounting for 70% to 84%, and less clay (<2 µm and <12%) and sand (>50 µm and~12%). Loess is composed of quartz, potassium feldspar, plagioclase, clay, and carbonate (calcite and dolomite) ( Table 1 ). The illite-smectite, illite, kaolinite, and chlorite are the main components for clay ( Table 2) . The loess samples are enriched in carbonate ranging from 9.1% to 22.1% ( Table 1 ). The CaCO 3 in loess mainly originated from secondary deposit (accounting for 90%) that occurs during the loessification processes [17, [22] [23] [24] 28] . Secondary carbonates originate from the vertical, horizontal, or in situ resettlement of carbonates during pedogenesis in the soil-sedimentary environment [28] . Table 3 shows the element composition for the four loess samples. The carbon isotopic composition (δ 13 C) for marine carbonate is 0.6% ± 1.6% [29] and it typically ranges from −10% to −2% for continental carbonate [20] with an average value of −4.9% ± 2.8% [29] . The δ 13 C values for carbonate in loess in the study area range from −8.3% to −3.3% (Table 4) , showing the continental origin of the carbonate. The values are consistent with that in the Luochuan tableland ranging from −9% to −4% [23] . The strontium isotopic composition ( 87 Sr/ 86 Sr) for the whole loess ranges from 0.715136 to 0.717155 (Table 4 ). Because the whole loess includes silicate, evaporite (if there was), and carbonate minerals, the values are the mixed results for the two kinds of minerals.
Hydrogeochemical Characteristics of Groundwater
The groundwater is fresh water with TDS ranging from 225 to 316 mg/L with an average value of 288 mg/L ( Table 5 ). There is no tritium detected and the corrected 14 C age ranges from 220 to 19,220 years [21] , suggesting that groundwaters are all old water with little influence from human activities. The Cl and SO 4 concentrations are rather low, with an average value of 5.5 mg/L and 6.8 mg/L, respectively. The main anion is HCO 3 (91.4%) and the main cations are Ca (40.4%), Mg (31.7%), and Na (27.5%) ( Figure 2 ). The saturation indices (SI) calculated by using Phreeqc software [30] for calcite (SI cal ) and dolomite (SI dol ) are all larger than zero, suggesting groundwaters are all over-saturated with respect to calcite and dolomite. The SI values for fluorite, gypsum, magnesite, and strontianite are less than zero, suggesting that groundwaters are all under-saturated with respect to these minerals ( Table 5) .
Groundwater 87 Sr/ 86 Sr values range from 0.710677 to 0.712319 with an average of 0.711207 (Table 5 ), significantly lower than the 87 Sr/ 86 Sr values of the whole loess (0.715136 to 0.717155). Groundwater δ 13 C values show very limited variation from −9.6% to −8.1% (Table 5 ). 
Characteristics of Carbonate in Loess
Because only CaCO 3 and MgCO 3 can be dissolved in the 0.5 M acetic acid (HAc) [17, 26] , the CaCO 3 and MgCO 3 content in loess can be calculated. The results show that during the dissolution processes using 0.5 M of HAc, there is plenty of Ca dissolved, with the concentration ranging from 5260 mg/L to 7445 mg/L, however, the Mg concentration is relatively limited (127 to 161 mg/L). Here, we have not considered the limited desorption process on the clay surface.
The content of CaCO 3 in loess, calculated using the HAc dissolution experiment, ranges from 13.15% to 18.61% (Table 6) , and overlaps with the results (9.1% to 22.1%) from the XRD analyses (Table 1 ). The MgCO 3 content in loess ranges from 0.44% to 0.56% (Table 6 ), much lower than CaCO 3 . The Sr concentration ranges from 5.1 mg/L to 8.3 mg/L, and 87 Sr/ 86 Sr ranges from 0.710455 to 0.711085.
The dolomite (CaMg(CO 3 ) 2 ) can be dissolved in 1 M of HAc [26] . The Mg concentration ranged from 72 mg/L to 219 mg/L. The dolomite content in the whole loess ranges from 0.47% to 1.43% ( Table 6 ). The 87 Sr/ 86 Sr ratios in the solution of 1 M of HAc range from 0.710329 to 0.710969, close to the 87 Sr/ 86 Sr ratios in the 0.5 M of HAc solution (0.710455 to 0.711085), suggesting little silicate dissolution for 1 M of HAc dissolution.
After dissolution by 1 M of HAc, there is no carbonate in the loess and the residual minerals are mainly silicates ( Table 7) . The residual minerals have high 87 Sr/ 86 Sr ratios, ranging from 0.719091 to 0.720438 (Table 7) . 
Discussion
Atmospheric Deposition
Chloride is one of the most conservative tracers in the water cycle. It seldom substitutes into minerals and only precipitates at very high concentrations [31] . It does not significantly participate in oxidation and reduction reactions [32] . Chloride is commonly used to estimate groundwater recharge based on the mass balance between Cl from atmospheric deposition and Cl in soil water [33, 34] , or between Cl from atmospheric deposition and Cl in groundwater [35, 36] . Chloride in groundwater, in the study area, originated from atmospheric deposition based on that Br/Cl values (0.0034 to 0.0061) for groundwater are equal to or exceed the marine-derived precipitation of 0.0034 [37, 38] . This is a reasonable assumption in well-drained soil [33, 39, 40] . Feth [41] also reported that where groundwater contains less than 10 mg/L chloride, atmospheric sources are probably the major source (the average Cl concentration in groundwater is 5.5 mg/L). Therefore, we can use Cl to estimate the atmospheric deposition amount for a specific ion.
On the basis of the chemical observation of precipitation in the adjacent Jiwozi station, from 2000 to 2015 [42] , which is about 220 km from the study area, the weighted average concentration of Cl, SO 4 , Na, Ca, and Mg are 1.13 mg/L, 8.63 mg/L, 1.59 mg/L, 6.08 mg/L, and 0.67 mg/L, respectively. The atmospheric deposition amount can be calculated using the enrichment factor based on the Cl concentration between precipitation and groundwater. For example, when the groundwater Cl concentration is 5.7 mg/L, the enrichment factor between groundwater and precipitation would be 5 (i.e., 5.7 mg/L of groundwater divided by 1.13 mg/L of precipitation), and then, the atmospheric deposition amount for SO 4 is expected to be 5 × 8.63 mg/L = 43.2 mg/L. If the SO 4 concentration in groundwater is larger than 43.2 mg/L it suggests that there are other SO 4 sources, whereas a concentration less than 43.2 mg/L suggests that the atmospheric deposition can explain the existence of SO 4 in groundwater.
The results show that enrichment factor in the study area ranges from 3.5 to 9.6 and the estimated atmospheric deposition for SO 4 ranges from 30.2 mg/L (3.5 × 8.63 mg/L) to 82.8 mg/L (9.6 × 8.63 mg/L), while SO 4 in groundwater is only 3.2-13.1 mg/L, suggesting groundwater SO 4 originated from atmospheric deposition. The estimated values are very high, mainly caused by the high concentration in modern precipitation affected by human activities, such as SO 2 emission [43, 44] . Because there are no sulfur minerals (such as gypsum and pyrite) in the loess, and loess is well-drained soil, the origin from an atmospheric deposition for groundwater SO 4 is, therefore, reasonable. However, for the Na, Ca, and Mg, the estimated atmospheric deposition is significantly lower than those in groundwater, suggesting there are other sources for them.
The Origin of Na, Ca, and Mg
When precipitation infiltrates through the unsaturated zone to recharge groundwater, soil CO 2 is dissolved in soil water, making soil water weakly acid. The weakly acid soil water could further dissolve minerals to produce Na, Ca, and Mg [8, 37] .
The Na concentration in groundwater ranges from 18 mg/L to 84 mg/L with an average value of 35 mg/L, larger than the concentration in 0.5 M of HAc dissolution (11.7 to 12.7 mg/L). This suggests that Na originated from the dissolution of albite. Because there is carbonate in loess, CO 2 would also dissolve carbonate.
Recharge through an unsaturated zone and an aquifer containing a sufficient amount of carbonate will result in almost immediate calcite saturation by dissolution. The plot of Ca/Na and Mg/Ca (Figure 3a) shows that the increase of Ca and Mg is synchronous, suggesting that the above geochemical reactions occur, Equations (2)-(4). Meanwhile, the dissolution of carbonates always results in an increase in Ca/Na or Mg/Na and the dissolution of silicates results in a decrease in Ca/Na or Mg/Na [45, 46] . The endmember for dissolution of silicates is commonly defined as a milligram equivalent ratio of <2 (moral ratio of <1) for Ca/Na and of <1 for Mg/Na [46] and the dissolution of carbonate (including dolomite) always results in high ratios of Ca/Na and Mg/Na. The results reflect a mixed influence of silicate and carbonate rock weathering (Figure 3a ). When Sr concentrations in silicates are relatively lower than that in carbonates [12] , the dissolution of silicates results in a low concentration of Sr in groundwater (Figure 3b ). Figure 4 shows that the Mg/Ca ratios (milligram equivalent ratio) range from 0.68 to 1.04 and increase with the groundwater age. When groundwater is over-saturated with respect to calcite, the subsequent dissolution of carbonate along the flow path originates from incongruent dissolution involving concomitant precipitation and the dissolution of carbonate minerals [12, 47] . This suggests that the incongruent dissolution may be involved as follows: The groundwater 87 Sr/ 86 Sr ratios ranged from 0.710677 to 0.712319 (n = 14) with an average of 0.711207. The 87 Sr/ 86 Sr ratios for carbonate extracted from loess by 0.5 M HAc and 1 M HAc ranged from 0.710329 to 0.711085. The coincidence of 87 Sr/ 86 Sr ratios for carbonate and groundwater ( Figure 5 ) suggests that the groundwater Ca + Mg mainly originated from the dissolution of carbonate rather than the dissolution of calcium-containing plagioclase because further dissolution of calcium-containing plagioclase would increase the 87 Sr/ 86 Sr ratios [27] . Because there is very little Sr in albite, about 20 to 170 times less than oligoclase, labradorite, and anorthite [48] , the dissolution of albite would not change the 87 Sr/ 86 Sr ratios of groundwater ( Figure 5) , which remain constant. The groundwater 87 Sr/ 86 Sr ratios suggest that the dissolution of calcium-containing plagioclase is little. The groundwater 87 Sr/ 86 Sr ratios ranged from 0.710677 to 0.712319 (n = 14) with an average of 0.711207. The 87 Sr/ 86 Sr ratios for carbonate extracted from loess by 0.5 M HAc and 1 M HAc ranged from 0.710329 to 0.711085. The coincidence of 87 Sr/ 86 Sr ratios for carbonate and groundwater ( Figure  5 ) suggests that the groundwater Ca + Mg mainly originated from the dissolution of carbonate rather than the dissolution of calcium-containing plagioclase because further dissolution of calcium-containing plagioclase would increase the 87 Sr/ 86 Sr ratios [27] . Because there is very little Sr in albite, about 20 to 170 times less than oligoclase, labradorite, and anorthite [48] , the dissolution of albite would not change the 87 Sr/ 86 Sr ratios of groundwater ( Figure 5) , which remain constant. The groundwater 87 Sr/ 86 Sr ratios suggest that the dissolution of calcium-containing plagioclase is little. In the Loess Plateau, there were both C3 and C4 plants during the past 2.4 Ma [19] , and there was 10% to 20% C4 vegetation in the Xifeng Loess tableland, resulting in δ 13 C of soil CO2 of −21.6‰ to −20.2‰ [39] . Meanwhile, the δ 13 C values of loess carbonate range from −8.3‰ to −3.3‰ ( Table 4 ). The dissolution of carbonates by soil CO2 would directly result in δ 13 C values of groundwater ranging from −15.0‰ to −11.8‰ through carbonates dissolution, Equations (2)-(4), indicated as (1) in Figure 6 . However, the later carbon exchange between groundwater DIC (mainly HCO3) and soil CO2 (as (2) in Figure 6 ), and between groundwater DIC and carbonates in loess (as (3) in Figure 6 ) would change the groundwater δ 13 C values (−9.6‰ to −8.1‰). In addition, there is no carbon production during the dissolution of albite except for soil CO2 , Equation (1), i.e., the carbon in HCO3 is all from soil CO2. These complicated processes make the quantitative interpretation of groundwater δ 13 C more difficult. In the Loess Plateau, there were both C3 and C4 plants during the past 2.4 Ma [19] , and there was 10% to 20% C4 vegetation in the Xifeng Loess tableland, resulting in δ 13 C of soil CO 2 of −21.6% to −20.2% [39] . Meanwhile, the δ 13 C values of loess carbonate range from −8.3% to −3.3% ( Table 4 ). The dissolution of carbonates by soil CO 2 would directly result in δ 13 C values of groundwater ranging from −15.0% to −11.8% through carbonates dissolution, Equations (2)-(4), indicated as (1) in Figure 6 . However, the later carbon exchange between groundwater DIC (mainly HCO 3 ) and soil CO 2 (as (2) in Figure 6 ), and between groundwater DIC and carbonates in loess (as (3) in Figure 6 ) would change the groundwater δ 13 C values (−9.6% to −8.1% ). In addition, there is no carbon production during the dissolution of albite except for soil CO 2 , Equation (1), i.e., the carbon in HCO 3 is all from soil CO 2 . These complicated processes make the quantitative interpretation of groundwater δ 13 C more difficult.
Although the dissolution rate of albite is significantly less than that of calcium-containing plagioclase [49] , the groundwater Na is mainly from the dissolution of albite, and the Ca+Mg is from the dissolution of carbonate. This is mainly attributed to the saturation of calcite and dolomite, which has limited further dissolution of carbonate and calcium-containing plagioclase [37] . In addition, the times for groundwater residence are relatively long (220 to 19,220 year) and there is sufficient time for albite to dissolve.
to −20.2‰ [39] . Meanwhile, the δ 13 C values of loess carbonate range from −8.3‰ to −3.3‰ ( Table 4 ). The dissolution of carbonates by soil CO2 would directly result in δ 13 C values of groundwater ranging from −15.0‰ to −11.8‰ through carbonates dissolution, Equations (2)-(4), indicated as (1) in Figure 6 . However, the later carbon exchange between groundwater DIC (mainly HCO3) and soil CO2 (as (2) in Figure 6 ), and between groundwater DIC and carbonates in loess (as (3) in Figure 6 ) would change the groundwater δ 13 C values (−9.6‰ to −8.1‰). In addition, there is no carbon production during the dissolution of albite except for soil CO2 , Equation (1), i.e., the carbon in HCO3 is all from soil CO2. These complicated processes make the quantitative interpretation of groundwater δ 13 C more difficult. Although the dissolution rate of albite is significantly less than that of calcium-containing plagioclase [49] , the groundwater Na is mainly from the dissolution of albite, and the Ca+Mg is from the dissolution of carbonate. This is mainly attributed to the saturation of calcite and dolomite, which has limited further dissolution of carbonate and calcium-containing plagioclase [37] . In Loess contains materials like clay minerals [22] and organic matter [50] , which can sorb chemicals. The cation exchange capacity (CEC) of a soil in meq/kg is used to assess the adsorbents in soils and aquifers [4] . An empirical formula which relates the CEC to the percentages of clay (<2 µm) and organic carbon (OC) at near neutral pH given by Breeuwsma et al. [51] is used to calculate the CEC of loess in the study area:
CEC (meq/kg) = 500 clay + 1500 OC (6) In the study area, the average percentage of clay is 8.3% [21] and the OC is 0.35% [50] . Therefore, the average CEC is expected to be 47 meq/kg. The average water content in loess is 20% for the unsaturated zone and 23% for the saturated zone [21] , and therefore the CEC for pore water is expected to be 204 to 235 meq/L. Groundwater contains less than 6.2 meq/L cations in the study area, more than 30 times less than the amount of cations located on the exchanger. The principle factor influencing the absorption affinity of cations is valence. The following are the ions in decreasing adsorption affinity: Ca 2+ = Mg 2+ > Na + [4, 8] . Therefore, in this neutral soil, the cation exchange can be involved:
2NaX
During cation exchange, the total cations (as meq/L) would not change. Figure 7 shows that when Na concentrations increase with time, the Ca+Mg concentrations decrease. Meanwhile, the total concentrations (Ca + Mg + Na) have not changed, suggesting that cation exchange between Ca + Mg and Na has been involved in the loess aquifer and contributes additional Na in groundwater.
2NaX + Ca →CaX2+2Na (7) 2NaX + Mg 2+ →MgX2+2Na + (8) During cation exchange, the total cations (as meq/L) would not change. Figure 7 shows that when Na concentrations increase with time, the Ca+Mg concentrations decrease. Meanwhile, the total concentrations (Ca + Mg + Na) have not changed, suggesting that cation exchange between Ca + Mg and Na has been involved in the loess aquifer and contributes additional Na in groundwater. 
Conclusions
The analyses of 87 Sr/ 86 Sr of carbonate in the matrix help to determine the origin of groundwater Ca and Mg in a complex aquifer (silicate and carbonate both exist). On the basis of the comparison of 87 Sr/ 86 Sr concentrations between groundwater and carbonate, groundwater Ca and Mg mainly originated from the dissolution of carbonate, but Na originated from the dissolution of albite. Meanwhile, there are cation exchanges between Ca + Mg and Na, resulting in Na concentration increases and Ca + Mg concentration decreases in groundwater. Cl and SO4 originated from atmospheric deposition. This study is important to the understand of the origin of the major ions in groundwater and the geochemical processes in silicate-carbonate aquifers. 
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